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(2) 



#Bfi¥8 - 15 3 8 2 



B«»iaiB*aB«B'r'<<. Bfl»@B±i::T*>ii*/ft 

-**EttLTBW**x-*Ett»£»*£A/*:aB 
fcX**> • /U^t— * £4*?i>X**;/ • -f > ■ 

xiz*iis-r£S£x**> • f > ■ e>^^oA^f-^ 

fcOBMWtffttSBBY- h£X*v > • /<X&U: 
ftLTBT-*E»»^tt*ttl**i*Bl::tt* ^&x* 

■ /Uf::*!j£-r&x**> ■ -<> • tf>A^bttifta 

aBKB«B»fc*S!SIB. 
LT\ fcx**> • • tf>**€>0AaT— 

&mt?z>. iR*aiieita)iBfeui«ittiflj&^Bi§i 

B« 

tic, anaiA*tr>*^©«!ift«-»*KitaY-n^ 

BrtffiHlBG>«J*IHt*, Krt»A*tf>^b<D«»«# 
• /Ufr bBx--* E«lS§^0>aj2)T-$ £BB3I>f- 

l*§it*3i 2 icEKO) £ BRIft*ffili&^£ SIB. 
[B*4t 4 ] Bft*BBa>&B1t4>£BT-» E$SH 

:fc*»ttt*, »*aii*fei*Bi*a2iciB«©e 

tic. 

fcx**> • /Ui::»«;***>»tt±B/<*-:>» 



Brt»Aae>frbO>Wftflr»i=«i:T\ £x**>- 

(DxX h • /<£->£^T*t^--;5£^y&xT&X 
*-V> • /<X^tfc;*3*<5>-fe l/^^t$X + t> - /US 

nmz * y b* * ^&±®m\zv) y a 

§£/<*-:/&£$Sfrb&X*V> • /U^itb^f 
X h • /<*-><D-tt£tt*<Dffll::BjE+£»|::tt % IS 

-v> • -<> • tf>«l=fliy*;u t£x**> • <<> ■ fc? 
SGIB. 

T\ &X**> • • e>^b(DAaT-$fc«fctfK 

XI 5 SStfctf) 3 BRBttBB&*§3Is)B. 
[B3*$7] ffiS«B*ftfc*W»®B**fta.*£: 

KWffl@B*aaK»-r-<<. Brt«@B±i::Ttf>»*js 

B±l^»»*$n-CL^«»a>x+-v> • /U**i* 
b <D & * * £ EJ56 L T BB-r h t- * E$S3§ i: 
*B*&A£a&ttBBBBi&*S!BB-efc?T. 
#X**> - y<Xt^-r^X^r-V>ltl^^B/^->^ 

i;Kf- $ eb» L^t= a afasaistt tow 

»*fKf5^<«««^*Art**rtttA*e>*** 

xiz*tfM-<SBx**:/ • Y > • tf>A^(DA**T— * 
t. ttn»A*lf>^&<DW»«#i:<DBS3l»*fift 
9 BUY- hi:. 

K^»A*e>A^fl>«»«-&izj5i:T. £x**>- 

• /U^iiJ2)-f &iru^£ t£X*Y> - /US 

a«a>SBStB»ftftl3tt, Krt«A*tf 

« B-fe U* * t B/<^ - >B±»ffll=ffl y ft 

B/<^->f6*«A^*x*^> • /U^b*i4f 

naA*e>A^ba>«««^i=c*:yB-bu^^*Bx* 



(3) 



ftBfl¥8 - 1 5 3 8 2 



^c,MMi:88Lt:f-«*X^>' /<X^ 

by- nzfcuTTx^r^ii^iasjtt. 

• /<X*6ttT-*EI8B^(Dfcb*T--**KttBV- 
B. 

[M*ffl9l ■ /*x^a>T-$fc&l::l8L 

9 7 $ (4R$& 8 |::I2ttG> g BRttBtttt^BB 
[R3MM o] ttrtBHBatDKHb+KiKT-^Ett 

[R#*i 11 K/<*->££«fcJ:tfBT-*Ett 
S§frb££X*V> ■ ^x->£/\0>#'J • X*-*> 
WOlfi-^LtilSU M5iax**> ■ ^x-> 
(Dv7 h • O/v? h • 7"^ hMfffe^tf^BRIKB 

«t+s* h*«7-i o<DL%-r*L*MzE«©eaRtt 

8££&*BlslB. 

[oooi3 (a*) 

&*0)&Wl (017, Bl 8) 

HB*fS¥»-r*fcA(D^© (11-03)- 
ttffl (01 -03) 
H&fll (134-01 6) 

[00 0 2] 

*a**ifcLsi, ^>j>h@Bttfi«a>eBRK«B 



[0 0 0 3] 

[ft*a>ftffi] -Biz. ls i «?0>{s]g&0)Mil*&£# 
tUt* &tX HsJ&IZxX h • /<$-~>£EP 

vHil/-va>fl)KS) £lt»*S(DA<-tta<rCft* 
LSI trO^TI*. ifi** *0)*»«HtlC»l^TrX 

h • /<^->a>ttrt^BB^4y. fx h • 

[0 0 0 4] Biltf. 01 714, ftft (0*3*) 0>X 
**>^XS***HRMfcX**>0» (LSI) £ 
^ftCDT. CO>01 7lCfcl^T. 1 0 0 14 X* V >@ 

R. 101 l4»ft«»t*fc"*-rt«BB*«*-r<< X 

7'J^'7D^(FF)-e^, *fc. 10 2A- 
1 0 2 CliX*^> • /Ut\ &X**> '/U102 
A~1 0 2CI4. X**>la]S&1 0 0J:l^tf>&& (0 
*3*) tMkO)7>j9^- 7Q"^101S 

[0 0 0 5] fit, X^r-V>IaJ»1 0 0IZI4. &X* 
V> • /<X 1 0 2 A- 1 0 2 C^fX hffi^f- 2 ("T 
X h • *^iLftfc«)«)X*-V> • -< > ■ tf> 

(S I fcf» 1 03A-1 03Ct. *X*-V>-/<X 
1 02A-1 0 2 C^bOtii3bf- ££B*yai-rt::#>CD 
■ 70 h ■ t?> (SOtf » 104A-104 
X*V>@S§1 0 0£I!rt*<*1*Sfctf>(0£P^ 

I^^AW^^^^ ■ ^P-y^ ■ tf> (SCKfcf 

[0 0 0 6] &X*-V > • /<X 102A-10 2C(Di 
MI4. *-*l-F*U S I fcf>l 0 3A-1 0 3C. fc£ 
tf. SOt*>1 04A-1 0 4ClCtt«**irt^. * 
fc. SCKtf> 1 0 5frbAfl£*l£^P^tl^(i. 
X^r^XslSSl 0 0±a>±T<D7'J^^- 7P'^1 0 
I^^P'^WCA^^^iScfc^l^otl^ X* 
-V>SfiftEHcl4* &X*-V> ■yUl02A-l02C 

±o>? yuv7^ 01 (4v7KUvx^t it 

ftf^L, SCKe>105^b^Dv^l§^^.l>- 
tlCcty. 3-S I tf>1 03A-1 0 3 C\z5-x_y>Mz 
Bft. #X^>wU1 0 2A-1 0 2C±(D 
^(D7'J y ^ - 7Q*;^1 0 1 ^v? h • -f >**ITU 
<o ^fc^B^IZ, ^&SOtf>1 04A-1 0 4CCI1 
^4V>"/U1 02A-1 02C±(D7'J7^- 7 
0 1 (OmK B*. X^r-V> • h$HTL> 

[0 0 0 7] ^(DJ:7iarSfX h®^ (LSI) 0 

Wbtx h • /<^->ewjtar4RB*«i-m^. 

B I ST (Bui It In Self Test) <t0?l4^-5ia^^ 
eBR»ft^@B"efTftte*i*«fe5l=teorL^. CCD 
b 1 ST£-r :/0>(s]B-ei4. ^xf^LS 1 o>MBI^/<« 



(4) ttBfi¥8 - 1 5 3 8 2 



— (LFSR(Lenear Feedback Shift Registe 

(M I S R (Multiple- Input Signature Register) Vzi 

[0 0 0 8] B I STSffll^KHTIIt A$->&£ 
ST^S^^tl^xX h • /^->4«fX h[5JS§ (LS 

Sg-C^K^n^o T-*#ff»* LTI*. M I SRA<« 
ffl£*l£i$£A<£<. aJ*e**->f*TF^ (Signatur 

-$#tfx%t LTM I SRAM*ffl**i*C: L 

[0009] 01 81*. tMk (B*3*) (DX^>/i 
XS«t4-«WftB I ST^^^(D®SS (LSI) £ 
^t*4i<7>T. C0>01 8Hism\ 1 1 OliB I ST$ 
-f ^(DSB-C, 01 7(=acLfc4>a>£:Mtl::. ^COSgg 

i i o±\zi*. me«HB*»fc-rrt»®»*«*'rs0 

I»«lfiEB*tLT©7»J^^- 7D 7 ^ (FF) 101 
^P'V^l 0 1 *^x — 

irr a ft*:® & o*) 

/U102A-102 Cft<fBB$*lTI^&. 

[0 0 1 O] 1 1 1 l*&X4r-V> - 1 O 2 A 

-1 0 2ClzA^r^5 1 X h -/^->^Kt^)LF 
SR * 1 1 2I*#X*^>-/<X1 

02A-1 0 2Cfrb<Dft;fcT-S£E£a 1 L-Cte#rf <& 
MISR (x-^EJfcSS) T-ft&o CZT?, LFSR1 
1 1 fccktfM I SRI 1 21*. L^r*lt»ifeWSiSfiiy 

[0 0 1 1 ] fcfc. hUvX^liSCKtf>1 o 

tt^, £fc. 018** l03liLFSRH 1 Izft 
^JMX^>-f>-e>(Slt*», 104l± 
M I SR 1 1 2(=ftttdtt^X^r^> * 70 h ■ tf> 
(SOtf» trfc^o S&lC* 01 7{-^L/rX^-v> 
oot@*:, §7'J'^OP7^101^ 
D^MW-lwtt, SCKtf>l 0 5^&a>^Q!y^{B* 

[0012]fLt, ga^Sfi^^lCli. LFSR1 
1 1 #R«a»£»£U #X*-V> • /<X1 0 2 A~ 
1 02C±(D7';7^' ^d-y^l 0 1 IC^*.**,. ft 

• /<x i o 2 a - i 02 c±cov x ) v~f - yo 

-;^10 1tty7hUv^tLt»ftL, SCKt'y 
>-/Ul02A~10 2 CK-5-*.b4lfcfiItf. 



[0 0 1 3] *fcl3B*lC. ftX*A*> ■ /<X 1 0 2 A~ 
1 O2C±07U 9?'7Py7*101 0*. 
v7h-7^^^t. Ml SR1 1 2lcE*&£;HT*fc 
tt«f*it^<. 9*C M I SRI 1 2UEI8-tttA£ 
*ifcx-$£X*V> • 70 h - tf>SOA^K*UJf 
C^lZ«ty, @K(LSI) 11 OO^aWSSfrtto 

[0 0 1 4] JU±0><fc5#B I STM ^(7)[5]SSl 1 0 

fcfcltSSaKBMitttt. BBi i 0d>7 □•y?<I^I£ 

(LFSR111, MISR112??) "CfT* S 
'MROfllW (Ml SRI 1 2|cSa$*Lfcir— £) 
$n»l^tt^ai1*tf *L^. CI 0) B I STM ^(DlHl^r* 

[0 0 1 5] ®/t$~~^ft±mt LTLFSR^«!?> 

*-r**BA<fti*fc*>. ls i ©uwxusma-r&c 
aaos*u 7 ^ -^E^sl^^yii^r£^S£^il^■rc 

[0 0 16] *««LS I 1=1*. Hi 7IC^1-<fc5^X 

^#b*l£-£frb. 01 8 IZTF-Tcfc^&B I ST[e]&£ 
WSLS I tfiixTl^. 
[00 17] 

[«WA<*ftLJ:5^:-r6Ba] Lft*Ltt*<&. BIS 
5yZ£A<&&o 9ft. LS I G>KBa>tttl&l*» t£Br^ 

(%) at [ftusttmn / mtmm xi oot? 
n&zti&o ttBftmo^jeiziiaxx h l s i (d*^ 

*«65e&5*«**. B I ST©/W->*tB 

lZttLFSRftf®attlf§L»«±»A<ffiffl**l. 

fc&o -^MlcaKv 5 3. V 3 ^IZlilEftfcftfeW 

[0 0 18] *fc. B I ST<Dx-*EI8«l::liHttW 
CM I S Refill* b*l&J!><. M I SRf4SMftM|ft31fpy 
-h^Lf:7<-K/^7^#^fl)y7hUy^t'a 
/$$^x^fc^ (^(D05#KB) . -fi-et^FSttSKD 
9-5 tf. Z0>£5UM I SRH<B-r-$ ESSIES* y 
CKDM I SRrt©E»**lfctt(Df-$ 

( v^ hl/y^) A^SttSSCftoT L*t\ M I S 

RicEis^nfcT-^stt^tts-rc^ttStt^&i^fc 

[0 0 19] H&IZ, L S i a)^^IB<im^(im3i^A 



(5) 



ItSfl^S - 15 3 8 2 



[00 2 0] x-^EiSm. ftClM I SR^^ 

^-£E8SS8-rM4. £n^<l^£l (elEPta^&W^ 
0>rt#£M$iLT;fcy. fl^SBt8&*0>tO8Hb/<S-> 

[0021] $ biz. -as^jfr^x h • x-$l4. 

5&£*l£«> Hot, *««fcLS I lC*hr*>xX h • t 
1 3#8SD o dftdttLT, B I STWfcfX h • 

o, 01 4#H) % tt»«»350!fi^xX^SS-(7)x 

T-*l«UBttl::*lt. 8JEfc»»r**»*fctf>l::l4ft 
Lfcy. *&lcrt«HB«*^*lfl 

[0022] ffc, LS I |0»fX h(Hj&±(Dl#£a> 

lcfclt*tt£fc*l;:EMQ ■ RSf 4-fcttT?#-f. ±& 
[0 0 2 3] **WI±. d<D<fc^3&:«H(z«^g!l3R**i 

*Lf= y towfe*^-* stfi»a>ns^tt«$*tfc y -r 

&(D*l»±LrttllA>oeaizgaK»*!TftS.4J:5 

•t^^-^iccty. 3>/<^ h ■ t-* 

[0 0 2 4] 

ca)rt»@»i$iBtt»t'<<, as* 

&x**> • /<X2frb<D&*ix-$£E 



[002 5) I/:, 5I4&X**:/ • ^2^7- $ £ 
^x5*X*-*:> ■ *f> • tf>, 6I4X*-V> ■ /U2 

&X*V> w*X2frbtf>tii:*) J r-£<>:. &X**>- 

ax2iz*nm-*x*v>' • e>5^bO)A^f 

-^^(DfiiaHW^fTfe^tCDT&^p fit, 

*fl-ci4* x**> • /<x2±a>=Fffi«iBa)T r -^A«Ml 

14. W4-V> ■ /<X 2 l=*fj£-f &X4r-V > • -f > • 
[0026] fcfc* ^V>-/U2^b(/)T-"^1 
Ttcfcl* CH*a2) o *fc. X** V - ;*X2lZtt? 

&x* * >®i^ t eh§s& 4 £e i*t= g 

7 * b a>9j&t§#£x* * >»«mmc:« y&zhztiz 

*y. &X**> w*X2^biF-$E$£&4^CD£ii;*3 

f-^^iy-h6i:fcur7X^Lrt<fci^ (if 

O (IMt«4) o 

[0 0 2 7] ®2\Zm2<Df£WOl&myny5®V. Z 
0)R2\ZtSl*X* m&tm». ll*rt»!slB. 2I4X* 
V>-/<XT*fcy* 3l4i*3$BIelBl ±l::|fl*a**Lfe/< 

S 0 ^X^^>-/^X2IZ^-r^X^r-V>ll)^<t 

5 ^ < A*-T«»«A* hf >7 6*1 

^X^r-VV ■ /<X2felC. X^r-V>-<>-f 

[0028] x**> • >r > • tf>5i4. ^x 

^•^> • /U2^f- $£^it55fca>-efcy. -fei/^ 
^8i4. »«A*e>7^fea)«»«»ic«i:r. ^x 

• -f > • tf>5frb0)A:*>ir-£<b. 

»xr«-x^r^>-/<x2^a3*-r**ia>-e**. -t L 
r. m2omMv\t. m^<o^ummwmiz\t. n& 

A*e>7A^0)«I»^#l=J:y-feU^^ 8*/<^r-> 
«£«3«lC«y«^ /^->«±«3A^«»A^rV 
> • /U2^ibtlSfX h • /\"£->CD-§fl££m 
CDillC^iE-rS^ICl4. ^A*f>7^b<D^]^{i^ 

iz±yH2u^^8*x+^>- >r>- tr>s«i=«y» 



(6) 



8-15382 



5) . 

(00 2 9) fcfc* ^X^V> • /<X 2^<Dt— 

&X**> • W > • hf>5A^&(DA*T — ^ 

^->i:51«»t*ffl^TlBaLr4i-fc^ (IS** 

6) . ®3\Z%3<D&W0)mm7ny5WX\ CCD SI 3 

^2CD^BJ < i:^Ji^t>-y-fc : tO^^oT^^ 0 0£ 

y. mtt&ntiL 1 2i*x**> ■ /<x. 

6tt»«y-K 7i*n^A*e>. 8 
[0 0 3 0] fit, attoaatUHkttM^a. 

&X*-*> • /U2^Xbtl4fX h ■ /\^->CD~ 

«*tt*a>ttic«jE-r&lBi^tt. ^«A*tf>7A^a) 

y-feU** 8 -f >• e>5« 

i=wy*;i. x*^> • -<> • e>5*^«*o«icR 

[003 1 ] X**>- /<*2±0>?fttttta>7 

#119?- K6^Ltf-^ E81& 4 ^K^ffi £ 

- -f> • fcf>5A*b»9y- h6^<DA:*3^-*A<. * 
CD^£tt£i<D^-£ Slfiiy- h 6 IzfcC^TVX^-r 4 
ttlc»S**t&. fcSPES&l CDtDBHb*. 

A* e > 7 A> bCDgj&{I^£X* * y 

**7) o 

[0 0 3 2] fcfc* &X**> • AX2frb<D J r-$IJ! 

"Till*!::!** *0>/<*->£iI«Si:«fflLvcEaL 
t^ctOL (B**8) . mV>'/U2^£Df- 
^S^IC^LT. &X**> — T > • tf>5frb<DA2l 

7 s — £ fccfc ims a a tf > 7 ^om&m^ z *t;x- * 

*(D/<*->£a«»fctm*rEaL"C*<fcl* (flt* 
*9) o 

[0 0 3 3] *fc. rtaialKl (Da^b+^^-^EIB 
^tt«fel> (1S#«1 0) o £bt:* /W->*4S3 
X*-V>fcCD1 ^x — >«h LTW/SU «t© 



*J:ol3«fiJtTr*Ci:=L-C$* (SS3RIQ1 1) 0 
[00 3 4] 

[fttH] ±*Lfc»i 0)ftWa>eatttt«flB*Bi&^SgEI 

bti*. ^»A*e>7o>«Bffl[«aaiftEr*c^u 

7X^?t^:t^t^, T-$Ett»4l::fclt4EifiT 
[003 5] |74-V>'/U2^bfl)f-^ 

HcEfc-o** an** 2) o nwA^e> 

ert*«»Efc***a>*DJliHb+. ttWAatrw*** 
>mMiic« y &*4 c t izct y . 

&X*V> ■ /<X2A*b J f-*Ett«4^0tt;to7 r --$ 

-*A«W«l=4y, rt$fll5]B-i<Dto8i 
it*\ZT-*EL&%4toP*mm&Z1x&<DZWi±V£ 
4 (11**3) o 

[0 0 3 6] £blc. rt»@Bi 0tD»Hb*l^ 
Sic^ y x— *Et»4^<D? a y^a«0>AA«ttJh 
L r x- * E*§t& 4 ^ <D * a ^ {§4| a) Ep Ud * »±t 4 

WSB1 (Da»<b«l-x-^E««4 0)rtSA«tt«[**t 

4(7)^^±T'#4 (»3jt*4) o ±3iLfcm2CD^^CD 

iz«fcy-bu^^ 8*x**> • > • evsui^y^ 

X^r-V> • >T V • fcf>5frbffl©II:S8Lfcf 
-^^^X^r^> • /<X2-4-xTS^^t;C < h^cl:o 

tfT'ZZ (»**5) . 

[0 0 3 7] fcfc. &X^r^> • /'?X2^CDT f — ^Si^ 
CDfctf>CD/^->^. mfc<D'<$ 

H=ES6T?*4 (»**6) o ±2Lfc*3(D«« 

a>eaK««ttiaa*ss®B-eii. rt«A*e>7^e> 

O^mm^l^ct y Hz ^ 8 */W->*±«3«=« 

^©saa«»ft*i:, n^A^e>7*^bCD«)^ 
i^y-bi/^^ 8^x^v> — r > ■ e>5^[-9i 
yix, x**> • - tf>5*^bfffio>fiiic»SL 

fcx-*£&x**> . /<X2^^rS^5it;Ci:l3 



(7) 



1 5 3 8 2 



[0 0 3 8] ~?5, gBtstSfciW** X^rt>-f>- 

$>0)£®±V2Z><, ^blc, ASSESS 1 Izfc It 
«**»CD«)JtlHb<K 7 rt*P>O>i0»ffi*£ 

/<X 2 frbT-SEISSf 4 ^(Ddi*)^— $ h 

E»»4a>rtSA«*«**i*a)*i»±-c** (»#« 

7) . 

[003 9] Sx^>«/U2^?>rof-^a 
MCE*-?** m*ms. 9) 0 

ia>tt«fc+ic, &±^f&iz<fcy-r-$E$i§£4-va)^ 

a v 1 <I^(DA;*) LTf-^ E$fct§ 4^P7 

«a4 0rt8*<««*ti4fl)*!»±-e*& 

o) . 

[0040] £ biz. — >&£»3fcJ:tf-r— *E 
fB»4fr?>£*X*V> * fi->*/^>?U 'X* 
■V >I*3CD 1f WirYV-fi-^v 
7h-f h ■ 7 0 h»ftfc«fcl/geKM&#* 

[004 1] 

fct^r. i of±*£8itt0>(il& (#J;U£ls i ) s i i 

*y. doraassi iii. *fta>BZMMEWk. «*. 
tf^y yf- vnyz? (ff) r=*y»***tTo«. 
[0042] ^ur, ca>fl£?@&i i SiaKB-r^ 

<. BBl 0±|Ctt, (H*TMt3*) a>X*-*> 

2A-1 2CA<^#>ff2j££*U &X**> • /< 
XI 2A-1 2CI1 g& (g*T*l*5<I) 0)7*) 
• 7P^?1 0 1 £*x — I/flU^fta-f^tOn?**. 
§^1 Old*. ^^^>-A^1 2A-1 2C 
X hffi^f™^ (fXh-/^-» 
<DX*Y> • -f> • fcf> (S I tf » 15A-15B 

&X**>- /U1 2A~1 2 Cfr b^iti^^r — £ 
*®y*-rfctf)0!)X^"V> • 7 0 h ■ t?> (SOf» 



i 9A~i 9Ct. o£Ejtt£tf&fctf>0>^a'y 

» 2 0t^»A*tr>i:LTRlt^^i»l$A\ &x 
**>-/<X1 2A-1 2Clz*|-f &X*-V>®)tti:g 
£8® (BIST) ttftfc<Dtt»*fffc5'<<«ftflHI 
$A*t^BE (BIST Enable) hf>1 7J&WfflJA*fcf> 
£ LTlgltbtiTl*<i>o fcfc* SCK tf>2 04»&A* 
aF*i$f a-^il§ll EMM o±<D±T©7yv^- 

[0 0 4 3] *H>\Z* *\ 3lt®&1 OJll=«l*a**i* 
• /<X1 2 A~1 2CICA**" 4tX h ■ /<$ 
->**4nLFSR . 1 4I4IHI 

8&1 0±|-$§<fr&£ft£-X**> '^A1 2A-1 2C 

frb©HiaT-**Ei8LTtttt-rsM i sr 

EtSU) Xfc&o CC^ LFSR1 3fc£tfM I SR 
1 4I* S **l«1.B6 f ®5(Z^r^3IZ. «Sfe(D^te 

ttiigfa (xor) y-h2i t*Lf=7-r-K/<v^ 
w#fl>«ka)i/7 hi/vA^2 2T-fflj^$4xrt^. * 

LT. ^y7 h l/vX^ 2 2liSC K tf>2 O^b0^ 

fcu ^4(Z^-r<fc9lZ. L F SR 1 3|CliX^r^> ■ -f 
> - e> (S I fcf» 1 5A<»«d*tSti:4»lZ, M I 
SR 1 4lZtiX*V> • 70 h ■ tf> (SOtf» 19 

[0044] tZ%X\ g]4, g]5{Z^f &X 
• /U1 2 A~1 2C<7)a52ltlCD : 7'f >ht. SO 
e>1 9A-1 gCIZf^^tL^^ttlZ. -tft^ftA 
ND^T— h (IfflS^f — h) 16A-1 6C^ttM I 

SRI 4C:fcit6S-xoRy— h2 1 lz««$*iri^ 

^ 0 ^AND y — hi 6 A - 1 6 Cli. ^X^F-VV - 
XI 2A-1 2 0*^^0^^^—^^:. =&X^r-V>-/^ 
XI 2A~1 2C|Z^^-T^S I tf>1 5A-1 5CA> 
bCDA^I^-^t. BEtf>1 7^b0)^^{i^- [X^- 
^>Sl^^lZ^7 M 0 W tUVB I STHJ^B$|Z^> 

"i n tz\*z*i. ztLZ><Dm®mz& 

ttlLTM I SR1 4lZfc|-j-^,#XOR^r— h 2 1 ^fcfcJl 

[0 0 4 5] ^fc. (§14, d6(Z7F-f cfcolZ. ^X^r-V 
>-^X1 2A-1 20^^1107^ >l*. ^H^tt 
8A-1 8C^LTS I tf>1 5A-1 5 
CtLFSRI 3t{Zfem$*lXl*&o Q-bW* 1 8 
A- 1 8CI*. BEkf>1 7^bC0^]^{i-§-|r^i:T. 
§S I e>1 5A-1 5C^b©A^]f- ^ LFS 
R 1 S^b^^fX h • — >^<0l^-f^l/)>-7j^^iy 
^t^X^r^>-/Ul 2A~1 2 C^tfc^-f &*i<7) 
T*^>^o O^y, ^irU^7^ 1 8A-1 8C(*. B E t* 

>i 7A^b©«*«#icj:yx^^>aftA«a«**ir 

U&il^lZli&S I t"> 1 5 A~1 5 Cfr£>(DAJ)^— 
2A~1 2C^M^-^, 
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B E tf > 1 7A^©«ia«^l=J:yB I STttfttfStt 
**VCt**i8£l::i* L F SR 1 3frZ><DTX h • 

2A-1 2C-vfch*)?-&ti0>T? 

[0 0 4 6] ±3*a>«rtu:j:y, 

"O" fcf*C*|=J:y. &-feU?$ 1 8 A-1 8 CI* 

&A N D V — hi 6A-1 6Ci)^MI SRI 4 ^ 
Otb^li "0" @3&1 0^X^rt>'/^ 

XI 2A~1 2 C-Cl*X + -V>Bftf^A<ft^^>H^>- tlZ 

[00 4 7] O^y, 7s**>Mtttt\Zlt* &X*Y> 
•/U12A-12 CJlO^'J ^^'7P7^101tt 
v7hbvX^Htl^L, SCKtf>20^b^O 
•y^ffl-^*4**-trcJ:y. &S I tf>1 5A-1 5 

Xs if#L &X*-v:>- /U1 2A-1 2C±(7)^(7)7 
ij ^ . 7D-^1 0 1 ^v? h • << >^ttK, £ 
fcf5lB#|C. &SOfcf>1 9A~1 9CI:if*. &X*-V> 
2 A - 1 2 C±(07 l ) yZ? ' 7 0 7^1 0 1 (0 

[0 0 4 8] BEtf>1 7^a>^)^ii-^^^-> 

"1 " tt-'SCirlZcfcy. ^U^^18A-1 8 CI* 
LFSR1 SWlzyM&KblX&tt&lZ* ^ANDf 
-hi 6A~1 6 Cfr bM I SR1 4^tf)&2ll±. &X 
AX1 2A~1 2Cfr>b0)fciJ*J J r— &X 
■ /Ul 2 A~1 2 ClZjtftfc^S I tf > 1 5 A 
~1 5CfrZ>0)AJl?-$ tOtmmmttZV. @&1 0 
(D&X**^ 2A-1 2CfliB I STifitttf 

[0049] 0^ l J, Bl STllfmiCl*. LFSR1 
3A<Steft»£$SifcU &X**> • /U12A-12 
C±(0^'J 7^'7P'^101 IC-5*_b*U &X** 
> • AX 1 2 A ~ 1 2 C±(D7*) y-J - 37P'V^1 0 1 
liv7M/yX^tLtif^L, SCKtf>20frb* 
□ ^^^^^X^CcblC^t^ #X^rt>-/Ul 2 
A~ 1 2 ClC^^btLfcfil^ $ 1 8A-1 8 

C^^LTHl^ *a)7»Jy^' 7P^^1 0 1^>7 

h ■ O^ftTlK* 

[0 0 5 0] ^fc^^l^. §X^>'/^1 2A~1 
2C±<D7'J ^-70^101 (8*5*—*) 
tf. v7 h ■ 7^ h£;KT. §AND^-h1 6 

A~ 1 6ClCcfcy^X^r-V> • M'XI 2A-1 2 ClZft 
m-f&S I tf>1 5A-1 5CfrbO>A2l J r — ZtOtsi 

s»*wtfj**Lfca. ^©siaiiAt. misri4i:e 
*§£;KTte$a£*i.TiKo ^&ic s mi sri 4(zee«8 



[005 1 ] ZOt iS^<7) A T PG (Automatic Te 
st Pattern Generation: SWl^r X hA£ — *C 
I*. *TO)rtffli|Btt*tfl»<t*r*!&Btttt^fctf> % &X 

+t>«/Ui 2a~i 2c^b0)ai^7 r -^ii^s:^ 

!S§A<SE*t&*B*£/)<fo&o MISR14I1 fg) 5 <t 
7^KA7^^(0v7^yX^2 2tM 
&x*-v>- Axi 2A-1 2 CfrbOtfc^r- 
^XOR'f-r^lfc&LTMl SR1 4^(Dv7h 
UvX£ 2 2llE$SUT^< tf. ±&<7><fc5l:: : &X*V 
> • AX 1 2 A~ 1 2 CfrZ><D&1]7 : —$\Z^%#mt)< 

fi§l**<D££v:7 hUvX*2 2C:I*y&£*U £b 
IC, -7>T- K/vy ^7 • ;U-3f*<fe^^i6. -0<DvT7h 
L^X*2 2 *«^FS«»l=*ftfc. ±T<7)v7hUvX 
$ 2 2^tttJl:ftoTL*5, 

[0 0 5 2] *CT?, *mmmVlt. B I ST&jftB# 
1^. 04, EJSIZ^-T #X^r-V> ■ AX 1 2 A 
~ 1 2C^b(Dffi^T-^^ j eO)^^M I SRI 4ICA 
*#-fIZ. &AND^-h1 6A~1 6Cl:i*y* &X 
• Ax 1 2 A - 1 2 CJ^bCDttifcx-'* t . &X 
^r^>-/Ul 2A-1 2C|:i*J£-f&S I tf>1 5 A 
-1 5Cfrt><DA*}T-$ tO&mffiZ&ihLX, M I 
SR 1 4lc^LTtb^UTL^i> 0 

[0053] fip^ *sg««-er±, X^rV>-/<X1 2 

A~ 1 2C^bO£ti^ J f-^A<^F^^S|{Z^^,ii^|- 
I*. ^JS-r^X^r-V> ■ AX 1 2A~1 2CCDS I tf> 

1 5A~1 5C^b(D{l (A^I-T— ^) £ "0" IC|S^ 
-r^>^<tlZ^tj N ^t^AND^f-h1 6A~1 6C 
A N b M I SRI 4— CDtiB^fil£ "0" I" LT. X^r^r> 

■ /\°X 1 2 A- 1 2 C^bM I SR 1 4^(D^^^HI<7) 
f-^/iUNDf-hl 6A~1 6Cr*7X^$tl|)o 

[0054] CtDJ:^!^, S I tf>1 5A-1 5C(7)tt 

ttttsa&ifcs-rscifcuicfcy. x^>-/Ui 2 a 

~ 1 2C^b^^^(D7 r -^*^m^^^ii^lC s 
^CO^FS^^COx— ^AND^- hi 6A~1 6CT' 
■VTsOthZttfX^. M I SRI 4f=fettSEI8-T- 

W&fllt LT. 0 8l:*t«l:5 4:x*^> ■ 7^h-f 
^ (B8 4><D M U (Unknown)" ) I SRI 4l=»y 

[0 0 5 5] 0 9 -01 11*. ^*l€*t. S8IZ 

^-rx4-^> • h • x-^ic^-r^. mi 

X^rA'^SSS, 1211 8lZ^f B I ST®^, 0 4 (0 

5) iz7K?*&mm(D®®\z&z>T-$ ism/^ 

(xXh-x— ^) COlB^^^Lri^o 09-0 1 

^ - /^ux^^n^>7{i^£^L. soe>A^e>tfS** 
tt^tb^T-^co -x w i*. "o" £tz\i "i " 
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[0056] B3 9lz^rcfc5l^. X*-V>[§]8§TM*. X 
7 'J 7 ->IESEft< 
&g£k£0>'?* ®8|C^-rX^-V> • 7^7 h • x-* 
lC*iLTt*1 2*7T?xX h ■ -r-- 

[0 0 5 7] 01 OlZsicf J:5I^ B I STSS&T-li, 
[REPEAT (MUXLIRtt) /REPend CHS 

SHiTT^C 6, fcfc, »yiSLIB^T "REPEA 

T" £ "REPEND" i:TB**lfc/<^->li. »yfiLK 

"repeat" a>ttizttc«tktcBft/£itiiys«4i 

cfcy. 08lZ^-rx^r-V> • 7^ h • -r— ^fiiiLf: 
MISR1 4Iwtt^S« M LT *«»ya**i4^ 

[0 0 5 8] dftKttU **««OlHlB-Ctt. I1 1 1 

\z7F+&o\z^ mrEMyiSLffia^^ttffl-r^citicj: 

y. ISSlCl^f X^-V> - 7^ h ■ T-£|:i;ttLT. 0 
9 I^LfcX** >{Hlg&(7)ii^ £ y tiMEl* 7 frT'^X 

h • ^0>iaaA«Rrttiwftft o sibici*. misri 
r/ti&K-cfc***. x**:/ • 7^ h ■ C7»j 

[0 0 5 9] H8lC^-rx^^l/ ■ 7^7 h - x-^T* 
I*. 5f@|:^l "U" ^^r-^> - 

S I t*>1 5A~1 5C(7)ttS§ii^ "0" |:jSSL. A 
NDV— hi 6 A~ 1 6C^bM I SRI 4^tf>{It£ 
"0" l:LT, X^>-/U1 2A~1 2CA>bC0^ 
£41 "IT OTJ6«ANDy-h1 6A~1 6CT?7 
X^£;K6o 5#@&rtl**Sffi"Cl**lM0Tf. ^Sl 

tf>i sa-1 scovtmmz "i " kis^u x*^ 

2 A~1 2Cfrb0>aJ2> J f— ££M I SRI 
4\z\Jit& 0 z.ot£. 01 1 \Z7F-t&0iZ. 

d ~4#g£6~i 2#d tt»yiSLiaa^ 
[0060] H6i=j:ywaLfcay, lfsr 

1 3t7^-KA'^#^0v7 hl/vX^2 2T'M 
**U ^COdi* (f^ h • fl-SflCD&S I 

fcf>1 5A-1 SC^&CDAAt — *£A<fc-feU$* 1 
8A-1 8C^lLt^X^t>'/Ul 2A-1 2C 
lCA*£:hS. B E tf > 1 7A<^7 "0" (Dflk &S I 
e>l 5A-1 5C(Dft^#4!U^^ 18A-18CC 
«fcyB«**lTftX**> • Axi 2A-1 2ClCv^ 



h • -f>**U B E fcf > 1 7A<*> "l " L FS 

r i 3(om*A«#-tu^^ i 8 a - i 8ciuyatR* 

*l"C£X*-V> • /<X1 2A-1 2CIZ->7K-^>^ 

[006 1] MttBEe>1 7£*> "1" tLt, 
LFSR134»&©lil*S->7^^>LtU<ft # 
2A-1 2C±©M©7«J7^' 37 
P-y^l OlS^'J y^Lfcy* ^CO^'j ? 
?1 0 1 l=ttMft*ftR8Lfcl*»*. BEtf>17£ 
"O" CUT, I fcf>1 5A-1 SC^bBrS 

[006 2] ATPGtlt L S I fl$&[s}j&<7)fe£-0 

7ny:/a)Ri*'>fc< % ^(DtelciiB i st BUM* 6 ft 
^**t4»ffla»*KSLTtB8Hftu. H4, 06IZ 

si=uoyftx.*c*i=«fcy. ^0j:7§f^h-/^- 

>SMt§Ct^t^ *fc* tfl&Lfc«yiSLI2 
[0 0 6 3] :ct\ Jl(*ttft«i:Lr. 0i 2(z^r 

"O 0" , -DT (*ATPG|rJ:y^*tifctt-e 
"0" *fc|* "1 " ©^r#L**-*(=#36**i*tCD"C 

^(Dteco -o w ^ -i - -e*-r»»i*ft»-eia 

[0064] *fc, 01 3-01 51*. ^^^tl. HI 
2 C^tX^-V > • -f > • I" art"*, [gl 7(~jK 

■^X4r«V>SB f Bll 8IZ^B I ST©^ f 04 (H 
6) lZ7jk?*mMM0®&\Z&Z>7 : --$m&^$-^ 

(^X h • x— CDlH^^y^^ LTt^-So 01 3 

•Tcfc5l-> x*^>@B-ci±, x^r-vv^^^y^^ 
• 7n7^ft»©/^->IE^i&ltftsa)-e. Eli 
2l:^tX^-v> • >T> ■ T-SUzttLTI*! 2frT*x 
X K • T-$7Mf2£li£;h,£o Z<7)ig^ % H^. $ 
*£&ttc£icj:y % ftmoyvvz?- lav zf\z# L 
r ^S(7>fil m do (o) B , w di (i) w ^is^-r ^ 

*aS<ELS I "CI*. -OC0X^r^> 

■ /<x±a>7'j?:7- 7a^^«i*a«)T*<*4G) 
T% ^(OfX K • x-^l*^*!;!^*^:*©^*^. 

[OO 6 5] @1 4lC*"r*3l=, B I ST0BT-I*. 
WySLGX?- CREPEAT/REPENDD ^^l^^C^fCj: 

y. hi 2ic^-rx4-v> • • T-^ic^Lriis 

ySLEX?- "REPEAT" , -REPEND" (D«g}1 O |C 
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&v\t. Eh 2 1:: 7* -f £91::. 1*3£0>7'J vzf ■ yoy 

7\zMLTttfc<Dl& "DO (O) " , -Dl (1) " f 
m**ZttfiV**> LFSR1 3\Z*i)%±*titz 

[0 0 6 6] C*il=ttU *SgMl«a>@l»T?l4. (21 5 

y . B 1 2|:^tX^rt> ■ *f > ■ -r— 2l^*iLT. ESI 

X h • •r-^0)EaA<Rrttlc4'6. Bin 2l:*tX4^ 
> • t^-STI*. »«IWi:4ili: "o" , 5f 
ii:"r £»j£Lfcttfti*fc&#ivD-c* 4#gfc£ 

tf5f IO)f-^ * v 7 h • -f >t4Bi:tt» B E tf > 

s i tf>i 5 a - i 5c«ic«y»^. % cos i e>i 

5A~1 SCfrbKSSJifcBL "0" 4,L<I4 "1 " £ 

/Ui 2A-1 2 c 7 k ■ *r >-r 

So 

[0 0 6 7] ^(D«feO)»»"t*tt. a«tt*<v7h • <<> 
**l*ltfAl*©"C* B E tf > 1 7tflWt> "1" l=R 
SL i:L/^^1 8A~1 8C^LFSR1 3fllC«y 
»*, COLFSR1 3A^0>a*tt (SftlSlft) 
X*-V> 2 A - 1 2 C^->7 h • -OLTl> 

£ 0 C0>£#, 01 51^^1-^513. — > (i 

[00 6 8] CKDcfc^l-LT* B I STUlf^^l-. BE 

tr>i 7^b0^^m-^r^cfcy#-feu^^ i8A~is 
c^s i tf>i 5A-1 5 c«::$)y&*_. #s i tf 

>15A-1 5 C^bffECOfll^lS^L/cT'-^ 
^>-/Ul 2A~1 2C^^tt^t;C(l:l:c): 
OT, LFSR1 3^b§X + ^>'/Ul2A-12 

[006 9] — * % Slft(LSI) 1 0<&ftS&[E)S§1 1 

uvx* 2 2^>7 hltftLr^a>M*^KKd4t« 

ftfc*t*. CtL(Z^fl^--<<. IfcfcLfc ATP 
G^P^AliM I SRI 4<Drt^£ : E-$-f 

fey. «9tffltii=«:«. 

[0070] ^c-c. *3M60|-eii* 04, ssic^t 

£51-, BEtf>1 7£&S I tf > 1 5A-1 5Ct^ 
2A-1 2 CA^b(D{±3*x— £<t<!:t 
II^ANDy- hi 6 A~1 6C|:A^U ^H^(Dm 
mm$hA i SR 1 4<D&*>7 hUi/X* 2 2^fcb*lLT 



Ctll^Jiy. Ml SRI 4(Dv7 hUv*$ 2 2 

£±r "o" irteBHbL-Cfcttl*, B e tf > 1 7-v0>tt 

fcte-%£*7 "0" IZf S I e>1 5A-1 5C 

^CDAJlx-* £±T "0" f ^>A>r, M I SR 1 4f*J 

[0 0 7 1 ] MOlHlftl Ok LTttvX^Ai&fK 
U<tt. X**>B&fl?(D«£(::l*> BEfcf>1 7UA*) 
£*l£«&<f^I4*:7 M 0" |:ftoTl^OT» Ml s 
R 1 4 flCO&v? hbvX$ 2 2 0)f*3§l4 "0" IC«f# 

£;h&o b i STSft^^izt. b i srmmzit 

TOfcl^S I tf>1 5A-1 5 C^CDA^-T— ^ 

T "O" IZ-f&ZkV, Ml SRI 4pKjCD&v7 KUv 

XS2 2tf>|*}§£ "O" IC^T#^>o 

[0072] 2*\z. b \ simmz9t^v)mit^iz 
ii. b e fcf > 1 7^a>«»«#**7 "o" icfittrrs 

CtT% M I SR 1 4|^0§v7 hb^^ 2 2 0)[*^ 
£ "O" dS****. ftoT, ftfC, B I STSft^O) 
fcJBMt^fcl^T. £X*-V >-/Ul2A-12CA^ 
bMI SRI 4^0)aj*> J T-- $*^AN Dy— M 6 A 
-1 6 ClZfcUT^X^SJU M I SRI 4<D#]#!{I£ 
Sfc-rSCfctfWUfcfcy, Ml SRI 4<Dfl£tf$fc« 

[0 0 7 3] fcfc v ft^Eftl 1 (flWIBtt**) fl>tD 
mt*\ZM I S R 1 4flCD$-v? h UvX$ 2 2tf)f*j!g 
£#ftt-&/ctf)<7){ft^J&<t LTtt* EJ7I-7F 
ttOtfc^ 04, 05-CI4. ^AND^-hl 6A 
-1 6C|CBEe^1 7^t>0^il^^A±lLT^tc 

2 s^^^x.^ciriz^y. timitWzteii&M I SR 

1 4^*>7 hbvX£ 2 2(7)^^^^|g^LTLN 

[00 7 4] o^y. B7l=*-r*n^te*H?±Sl2 
5f4. -f>ttf»vh" tf> (I Hhf>) 23feJ:i;OR 
y-h2 4^bM$*ltl^ IHe>23!4. ®^ 
1 0|Z^SPA^tf><t LTlSltbtl^4,(7)T^ SCKtf 
>2 0^bC7X7a^^{i-^^M I SR 1 4F*W&v:7 h 

Uvx^ 2 2(3EnJa^^^o$^±-r^>^^s C(0IH 

e>2 3lCA*^^l^^D»y^^±il-^A<^^ "O" ^ 

"1 W l=»S*4l*J:9l=&oT^4. 
[007 5] OR^-h24l4. SCKf>20 

I He>2 3^bWD-^#±«#fc©BI 
*a£gtfciLTM I SR 1 4^v7 hUy^^2 2l: 
EPllD-r^^(7)-efe^ e ZttlC^y. MISR1 4WO# 
V7 KUvX^ 2 2tDfl§UZ*^:fc>bt\ IHe>23 

^a><7a-7^^±{i^$^> "1 n izWi'Z-t&zkx-. 

M I SR 1 4W0^v7 hUi/X^ 2 2|C|*SCK f> 
[0076] ^oT. ftv7hUvX^2 2lC6ltSI 
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2 20««fl)**8ftt^ CI (00 7 
fiJtlZcfc^rt. B I STS&ftflJtf>#)$Ht*. MISRl 

fcf>1 7^?)©«I»|ltHANDy-h 16A-16 
ClcA^-r^lg^lCit^T, tt3flArtf> ( I Htf>2 
3) AM *$<#5£fc&*<s £S0>M I S R 1 4 COfiS 

[00 7 7] £ C^T. 04-12)1 5l=«fcy±aLf=W 

tRWLfc^ *§&mt* 0i eiZTfkt&oiz. ao> 
yy • x**>tt\ztmm£*iZ>o *+?U9i) -x* 

bOit^Ltfx h • $ • >r > - tr> (td 
i tr» a^b^x h - 7 s —* • to h • e> (TDotf 

[0 0 7 83 01 6iZfclNT. 3 0!*/<0>yj -X* 
V>LS I T?*y, Z<D/^>4TiJ ■ X^rt>LS I 3 
0±(Z. WaO/^^Vyy ■ X^r-V> ■ fi- >3 1 A 
k2r>Of*&7>**> • ^x->3 1 B, 3 1Ct^i 
rt**lTL^. *LT. Hi 6\Z*-f£5\Z^ 
•J • ^^-V>LS I 3 Ot*, d^bCDX^r^> ■ ^x — 
> (X**> • /*X) 3 1A-3 1C^ 0 4~07|Z 
TFLfcX**^ ■ /U1 2 A - 1 2 ClzftX.Tfia**l 
Tt^o fcEU 01 6lZ3F-jv^>$fy ■ X**>L 
S I 3 OT'lt S I tf > 1 5 A ICtt*_T T D I t">3 2 
tfm-fh>tl&ttt\Z s SO tf>1 9 A IdftxT T D O 

e>3 3A<i£itb*iri^o fcfc* 016*> lfsr 

13, MISR14, AND f — hi 6 A ~ 1 6C, B 
Ee>17, -fe U £ £ 1 8 A ~ 1 8C (3:0 4 ~ 0 7 IC <fc 

y«raLfcto)t^<s«fcaffi-r4t.a)-c**, 

[00 7 9] ffc, 016Cfc^T, 3 4tt/S0>yj 
Xh • ^D7^ ■ tf> (TCKfcf» . 3 5{*/\ # 0>y 
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(57)Abstract 

PURPOSE: To prevent a compressed data from having an indeterminate 
value by a constitution wherein a data in indeterminate state is masked at a 
logic gate and a data compressor takes in the data in indeterminate state. 
CONSTITUTION: When the internal circuit 1 is subjected to self test, 
output data from a plurality of scan paths 2 previously formed on the circuit 
1 is fed through a logic gate 6 to a data compressor 4 and stored therein 
while being compressed. A scan in pin 5 provides a data to the path 2 and 
the gate 6 provided for each path 2 performs logical operation on the 
output data from the path 2 and an input data from the pin 5 corresponding 
to the path 2. When the indeterminate data on the path 2 is read into the 
compressor 4, input data from the pin 5 is set at a value for masking the 
indeterminate data and the gate 6 can mask the indeterminate data. This 
constitution can prevent the compressed data from becoming indeterminate 
in the compressor 4. 
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[Claims] 
[Claim 1] 

A BIST-tvpe circuit in which : 

in addition to providing an internal circuit that fulfills a set function, 
in order to self-test, 

a data compactor is built in that compresses and stores output data from each of multiple 
scan busses pre- formed on said internal circuit; and in which 

in addition to providing scan-in pins for each scan bus that can supply data to the scan 
busses, 

a logic gate(s) are provided for each scan bus that do logical calculations 
on output data from said scan busses and 

on input data from said scan-in pins which correspond to each scan bus; 
and in which 

when indeterminate state data in said scan bus is read out to said data compactor via said 
logic gates, 
data input 

from said scan-in pins which correspond to the relevant scan bus 
to said logic gates 

is set to a value for masking the indeterminate state data in question in the appropriate 
logic gate. 
[Claim 2] 



A BIST-type circuit as in Claim 1 , in which 
during data read-out from said scan busses, 

given data read-out patterns that include input data from said scan-in pins, 
if patterns of the same form ocurr in sequence, 

[that sequence of patterns] can be described using that pattern and a repetition count. 
[Claim 3] 

A BIST-type circuit as in Claims 1 or 2, in which : 

so as to effect the switch between scan mode referring said scan busses and self-test 
mode that uses said data compactor, 

in addition to supplying an external input pin that inputs a switch-mode signal, 
said switch-mode signal from said external input pin is fed to said logic gates, and 
during initialization of said internal circuit, 

by means of setting said switch signal from said external input pin to scan mode, 
output data from said scan busses to said data compactor is masked. 
[Claim 4] 

A BIST-type circuit as in Claims 1 or 2 in which : 

a blocking means is supplied for blocking input of the clock signal to said data compactor 
during the initialization of said internal circuit. 
[Claim 5] 

A BIST-type circuit in which : 

in addition to supplying an internal circuit that fulfills a set function, 
so that said internal circuit can self-test, 



a pattern generator is built in which generates patterns fed to each of multiple scan busses 
pre-formed on said internal circuit; and in which . 

in order to switch between scan mode referring to said scan busses and self-test mode that 
uses said pattern generator, 

in addition to supplying an external input pin that inputs the mode-change signal, 

for each scan bus is supplied: 

+ scan-in pins that can feed data to said scan busses, and 

+ selectors that, in accordance with the switch-mode signal from said external 

input pin, switch to either input data from said scan-in pins or test patterns from said 

pattern generator and outputting to said scan busses; and in which 

during normal BIST mode, 

said selectors switch to said pattern generator by means of the switch-mode signal from 
said external input pin, and 

when part of the test pattern given to the scan busses from said pattern generator is to be 
modified to arbitrary values, 

said selectors switch to said scan-in pins by means of the switch-mode signal from said 
external input pin, and 

data set to arbitrary values from said scan-in pins is fed in and written to said scan busses. 
[Claim 6] 

A BIST-type circuit as in any of Claims 7 through 9 in which 
when data is written into said scan busses, 

given data write-in patterns containing input data from said scan-in pins and a mode- 
switch signal to said external input pin, 



if patterns of the same form occur in sequence, 

[that sequence of patterns) can be described by that pattern and a repetition count. 
[Claim 7] 

A BIST-type circuit in which 
in addition to having an internal circuit fulfilling a set function, 
in order for said internal circuit to self-test, 
is built in 

> a pattern generator that generates test patterns that are fed to each of multiple scan 
busses that are pre- formed on said internal circuit, and 

> a data compactor that compresses and stores data output from each of said 
multiple scan busses that are pre- formed on said internal circuit, 

and in which , 

in addition to supplying an external input pin that inputs a mode-switch signal 

in order to shift between scan mode referring to said scan busses, and self-test mode that 

uses said pattern generator and said data compactor, 

for each scan bus are supplied: 

> a scan-in pin that can feed data to said scan busses 

> logic gates that perform logical operations on 

o output data from said scan busses 

o input data from said scan-in pins, each corresponding to a scan 
buss(es), and 

o the mode-switch signal from said external input pin, and 



> selectors that, in accordance with the mode-switch signal from said external 
input pin, switch to either 

o input data from said scan-in pins or 
o test patterns from said pattern generator and 
output it to said scan busses, and 
in which : 

in normal self-test mode, said selectors are switched by means of the mode-switch signal 
from said external input pins to said pattern generator, but 
on the one hand, 

when one part of a test pattern fed by said pattern generator to said scan bus is modified 
to an arbitrary value, 

said selectors are switched by means of the mode-switch signal from said external input 
pin to said scan-in pins, and 

data from said scan-in pins set to arbitrary values is fed and written into said scan busses, 
[whereas] 

when indeterminate state data in said scan busses is read put to said data compactor via 
said logic gates, the corresponding indeterminate state data of data input from the scan-in 
pin corresponding to the applicable scan bus to said logic gates is set to a mask value in 
said logic gates, and 

during the initialization of said internal circuit, 

by means of switching the switch-mode signal from said external input pin to scan mode, 
the output data from said scan busses to said data compactor is masked in said logic gate. 



[Claim 8] 

A BIST-type circuit as in Claim 7 in which , 
when data is read-out from said scan busses, 

given a read-out data pattern containing input data from said scan-in pins, 
if patterns of the same form occur in sequence, 

[that sequence of patterns] can be described by that pattern and a repetition count. 
[Claim 9] 

A BIST-type circuit as in Claims 7 or 8 in which , 
when data is written into said scan busses, 
given a data write-out pattern containing 

input data from said scan-in pins and 

a mode-switch signal to said external input pin, 
if patterns of the same form occur in sequence, 
[that sequence] can be described by that pattern and a repetition count. 
[Claim 10] 

A BIST-type circuit as in any of Claims 7 through 9 in which 

a blocking means is supplied for blocking input of the clock signal to said data compactor 
during initialization of said internal circuit. 
[Claim 11] 

A BIST-type circuit as in any of Claims 7 through 10 in which , 

arranging one scan chain of a boundary scan as a scan chain consisting of said pattern 

generator and said data compactor, 



a command code for specifying either said scan-chain shift-in / shift-out mode or self-test 
mode is assigned in advance as a command register mode code. 
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[0002] [Field of Industrial Use] 

The present invention concerns LSI, printed circuit board and other BIST-type circuits 
whose self-test function was built-in in advance. 

[0003] [Prior Art] 

Generally, in order to detect manufacturing defects of LSI or other chips, test patterns are 
applied to the circuit under test, and output is commonly compared with an expected 
value (the output during proper functioning: the result of logical and / or error simulation). 
However, in recent years, test pattern generation has become troublesome with the 
increasingly large scale of LSI chips, and test pattern generation time has come to take up 
a large proportion of design time. 



[0004] 

For example, Fig 1 7 shows a common (LSI) scan circuit having multiple (in the figure, 
three) scan busses. In Fig 17, 100 is a scan circuit, 101 are structural circuit components 
located on scan circuit 100 that form an internal circuit that fulfills a set function, for 
example, flip-flops (FFs). Further, 102 A - 102C are scan busses; multiple scan busses 
102 A - 102C are pre-formed on scan circuit 100, and they connect multiple flip-flops 
101 in a chain configuration. 

[0005] 

Also, the following are provided as external input pins to scan circuit 100: scan-in pins 
(SI pins) 103 A - 103C, which are for providing data for testing (test patterns) to scan 
busses 102A- 102C; scan-out pins (SO pins) 104A - 104C, which are for extracting 
output data (test patterns) from scan busses 102A - 102C; and a scan-clock pin (SCK pin) 
1 05 for inputting the clock signal for operating scan circuit 100. 

[0006] 

Both terminals of each scan bus 102 A - 102C are connected to SI pins 103A-103C and 
SO pins 104 AC, respectively. Further, the clock signal input from SCK pin 105 is input 
to the clock terminal of each flip-flop 101 on scan circuit 100. During scan mode, flip- 
flops 101 on scan busses 102 A - 102C act as shift registers, and by means of supplying 
the clock signal from SCK pin 105, values supplied to SI pins 103 AC are shifted into the 



next flip-flops 101 on each scan bus 102A - 102C in order. Further, the values of flip- 
flops 101 on each scan bus 102 A - 102C are simultaneously scanned out in order. 

[0007] 

In this way, in addition to testing which applies test patterns from outside of the (LSI) 
circuit under test, in recent years, built-in self-testing called BIST testing has been being 
carried out on all circuits. In this BIST-type circuit, it is necessary to build into the LSI 
or other circuit a pattern generator [an LFSR (Linear Feedback Shift Register) and a 
counter, patterns stored in ROM etc], a data analyzer [a MISR (Multiple Input Shift 
Register) and comparator, data stored in ROM etc], and a control circuit for controlling 
these. 

[0008] 

In BIST testing, test patterns generated by the pattern generator are applied to the internal 
circuit of the (LSI) circuit under test, and the output result is verified by the data analyzer. 
A MISR is often used as a data analyzer; in this case, because the output result is 
compressed and stored as a signature, the data analyzer is called a data compactor. In the 
present invention as well, supposing that a MISR is used as a data analyzer, in the 
following, the term "data compactor" is used instead of "data "analyzer" 

[0009] 

Fig 1 8 shows a common BIST-type circuit (an LSI circuit) having multiple (in the figure, 
three) scan busses. In Fig 18, 1 10 is a BIST circuit on which are positioned, in the same 



way as the circuit shown in Fig 17, flip-flops 101 as structural circuit components that 
make up an internal circuit that fulfills a set function, and multiple (three) scan chains 
102 A - 102C that are pre-formed to connect multiple flip-flops 101 in a chain 
configuration. 

[0010] 

Further, 111 is an LFSR (pattern generator) that generates the test patterns input to scan 
busses 102 A - 102C, and 1 12 is a MISR (data compactor) that compresses and stores the 
output data from scan busses 102 A - 102C. Here, both LFSR 1 1 1 and MISR 1 12 are 
arranged as shift registers with feedback via logical XOR gates (See Figs 5 - 7 described 
below). 

[0011] 

Furthermore, the shift registers perform shifts by means of the clock signal from SCK pin 
105. Further, in Fig 18, 103 are scan-in pins (SI pins) connected to LFSR 1 11, and 104 
are scan-out pins (SO pins) connected to MISR 112. Moreover, the clock signal from 
SCK pin 105 is input to the clock terminal of each flip-flop 101 in the same way as scan 
circuit 100 shown in Fig 17. 

[0012] 

In this way, during self-test mode, LFSR 1 1 1 generates pseudorandom numbers which 
are fed into flip-flops 101 on scan busses 102 A - 102C. Flip-flops 101 on scan busses 
102A - 102C act as shift registers, and by supplying them with the clock signal from 



SCK pin 105, the values supplied to scan busses 102 A - 
flip-flops 101, in order. 



102C are shifted into the next 



[0013] 

Further, the values of flip-flops 101 on scan busses 102A - 102C are shifted out in order, 
to be compressed and stored in MISR 112. Finally, by means of reading out the data 
compressed and stored in MISR 1 1 2 to the scan-out pins SO, fault analysis of (LSI) 
circuit 1 10 is carried out. 

[0014] 

Self-testing in a BIST-type circuit 1 10 as described above is carried out by the internal 
built-in self-test circuits (LFSR 111, MISR 1 12 etc) by means of feeding the clock signal 
to circuit 1 10, and only the minimal amount of information (data accumulated in MISR 

1 12) is externally output. This kind of BIST circuit has the following advantages: 

r, 

[0015] 

1. If an LSFR and counter are used as a pattern generator, because there is no need to 
produce test data that is supplied from outside, design costs can be reduced. 

2. Because test patterns are applied from the built-in pattern generator and it is sufficient 
to read out the result in the data compactor, expensive testing equipment is made 
unnecessary. 



[0016] 



In large scale LSI circuits, scan designs like that shown in Fig 17 are common knowledge. 
However, since in recent years the above advantages can be obtained, use in LSI circuits 
of BIST circuits like that shown in Fig 1 8 has been increasing. 

[0017] 

(Problems to be solved by the invention) 

Nonetheless, a weak point of BIST testing is that test reliability cannot be easily 
calculated. Normally, test reliability for LSI circuits is calculated as the failure diagnosis 
rate given by (number of failures detected) / (total number of failures) x 100%. To 
determine the number of failures detected, it is necessary to run failure simulations 
making use of test patterns and a model of the LSI under test. In particular, in a BIST 
pattern generator, an LFSR or other pseudo-random number generator is used, but to 
obtain a sufficiently high failure diagnosis rate, a considerable number of huge patterns is 
necessary. Generally, failure simulation takes a very long time, and evaluation of the 
huge patterns applied in BISTs incur very high production costs. 

[0018] 

Further, a MISR is generally used in BIST data compactors, and because MISR is 
composed of a shift register with feedback through XOR gates (see Fig 5 described 
below), once any unknown value is read into a data compactor such as a MISR, all of the 
compressed data (the whole shift register) becomes unknown state data, and reading out 
the compressed data stored in the MISR becomes meaningless. 



[0019] 

Generally, because internal storage elements in an LSI circuit at power-up are in 
unknown state, before running BISTs, one must invariably reset the states of the internal 
memory elements, run scans, etc, to establish definite values not of unknown state. 
However, among internal memory elements there are some that cannot be initialized with 
a simple procedure; applying BISTs to the kind of LSI circuits containing such elements 
requires special attention. 

[0020] 

Further, because contents are updated once every clock cycle in data compactors (and in 
particular in data compactors like MISRs), including during pattern initialization of the 
internal storage elements, the contents of the MISR are destroyed, so that the test pattern 
generation program is required to monitor the MISR contents, which can be a vexatious 
task. 

[0021] 

Moreover, in typical test data, the number of lists of values applied to the multiple 
external input pins that needs to be described is equal to the number of patterns. 
Consequently, the test data for large scale LSI circuits [sic] becomes enormous (for 
example, see Figs 9 and 13 described below). In contrast, BIST test data is described 
only by the number of clock signals used to drive the BIST (For example, see Figs 10 and 
14 described below), which is extremely advantageous from the point of view of 
computing resources or load time of test data output to the testing device. However, as 



described above, test data generated using only BIST is lacking in versatility, and to 
achieve a satisfactory diagnosis rate, huge patterns are necessary. Additionally, an extra 
circuit and extra test patterns are needed for initialization of internal storage elements, 

[0022] 

Another problem is that in some cases it is desirable to concretely stipulate certain values 
to be set or shifted in by means of a special circuit on the (LSI or other) circuit under test, 
but in existing BISTs, since only pseudo-random numbers generated by the pattern 
generator are applied, one can't arbitrarily set or shift in values by means of a specific 
circuit, and fixing values as described above is impossible. 

[0023] 

Since the present invention was conceived in light of this kind of problem, in addition to 
allowing for reliable and simple self-tests by preventing reading unknown state data into 
the data compactor and preventing the content of the data compactor from being 
destroyed during initialization, combining a scan mode and a BIST mode makes possible 
production of compact and efficient test data while aiming at offering a BIST circuit with 
improved efficiency self-tests and reductions in design costs and in computing resources 
expended during design of LSI or other circuits. 

[0024] 

(Method of solving problems) 



In Fig 1, a schematic block diagram of the first invention, 1 is an internal circuit with set 
functionality which should self-test. In internal circuit 1, in addition to the multiple pre- 
formed scan busses 2, a data compactor 4 is built in which compresses and stores the 
output data of each scan bus 2. 

[0025] 

Further, 5 are the scan-in pins which supply data to scan busses 2, and 6 are logic gates 
corresponding to each scan bus 2. Each logic gate 6 performs a logic operation on the 
output from the respective scan bus 2 and on the input from the scan-in pin 5 that 
corresponds to said scan bus 2. In the first invention, when unknown state data from scan 
bus 2 is propagated to data compactor 4 via logic gate 6, the unknown state data is set to a 
mask value in logic gate 6 (Claim 1). 

[0026] 

Further, at data read-out from scan busses 2, when the data read-out pattern which 
encompasses input data from each scan-in pin 5 ocurrs consecutively as the same kind of 
pattern, that pattern and a repetition count can be used as a data description (Claim 2). 
Also, external input pin 7 is supplied for input of a mode-switch signal for changing 
between scan mode, corresponding to the scan bus, and self-test mode, which utilizes 
data compactor 4; the same mode-switch signal from external input pin 7 is connected to 
logic gate 6. During initialization of internal circuit 1, by switching to scan mode via the 
mode-switch signal from external input pin 7, output data from each scan bus 2 to data 
compactor 4 can be masked in logic gate 6 (Claim 3); alternatively, a blocking means 



may be supplied to block input of the clock signal to data compactor 4 during 

initialization of internal circuit 1 (Claim 4). 

[0027] 

Fig 2 is a schematic block diagram of the second invention. In Fig 2, in the same way as 
above, 1 is an internal circuit, 2 is a scan bus, and 3 is a pattern generator built into 
internal circuit 1 . Pattern generator 3 generates test patterns that are supplied to scan 
busses 2. Further, apart from external input pin 7 being provided to input the mode- 
switch signal which for switching between scan mode relating to scan busses 2 and self- 
test mode which uses pattern generator 3, scan-in pins 5 and selectors 8 are also provided 
for each scan bus 2. 

[0028] 

Here, scan-in pins 5 supply data to scan busses 2, and selectors 8, which are able to pass 
data to scan busses 2, shift to either the input data from scan-in pins 5, or the test patterns 
from pattern generator 3, depending on the mode-switch signal from external input pin 7. 
This way, in the second invention, during normal self-test mode in which selectors 8 are 
switched by means of the switch-mode signal from external input pin 7 to input from 
pattern generator 3, when part of the test pattern supplied to scan busses 2 from pattern 
generator 3 is to be modified arbitrarily, selectors 8 are switched to input from scan-in 
pins 5 by means of the switch-mode signal from external input pin 7, and data set to 
arbitrary values is read in from scan-in pins 5 and supplied to scan busses 2. (Claim 5) 



[0029] 



Moreover, when data is written in to scan busses 2, given a write-in data pattern 
containing input data from scan-in pins 5 and the mode-switch signal for external input 
pin 7, if the same pattern form occurs in sequence, it can be described using that pattern 
and a repetition count (Claim 6). Fig 3 is a schematic block diagram of the third 
invention. As shown in Fig 3, the third invention is a combination of the previously 
described first and second inventions. In other words, in the same way as described 
above, 1 is an internal circuit, 2 are scan busses, 3 is a pattern generator, 4 is a data 
compactor, 5 are scan-in pins, 6 are logic gates, 7 is an external input pin, and 8 are 
selectors. 

[0030] 

In this way, during normal self-test mode, selectors 8 are set by means of the mode- 
switch signal from external input pin 7 to input from pattern generator 3. Further, when 
part of the test pattern supplied from pattern generator 3 to scan busses 2 is to be 
modified to arbitrary values, selectors 8 are switched over to scan-in pins 5 by means of 
the mode-switch signal from external input pin 7, and data set to arbitrary values is 
supplied from scan-in pins 5 and written in to scan busses 2. 

[0031] 

On the other hand, when indeterminate state data from scan busses 2 is read out to data 
compactor 4 via logic gates 6, this indeterminate state data input to logic gates 6 from 
scan-in pins 5, each of which correspond to a given scan bus 2, is set to a mask value in 
logic gates 6. Further, during initialization of internal circuit 1, by means of switching 



the mode-switch signal from external input pin 7 to scan mode, data output from scan 
busses 2 to data compactor 4 is masked in logic gates 6. (Claim 7) 



[0032] 

Further, during data read-out from scan busses 2, given a read-out data pattern containing 
input data from scan-in pins 5, given a write-in data pattern containing input data from 
scan busses 5 and a mode-switch signal from external input pins 7, if the same pattern 
form occurs in sequence, it can be described using that pattern and a repetition count. 
(Claim 8) 

[0033] 

Further, a blocking means can be provided for blocking input of the clock signal to data 
compactor 4 during initialization of internal circuit 1 (Claim 10). Further, a scan chain 
consisting of pattern generator 3 and data compactor 4 can be formed as one chain in a 
boundary scan, and command codes for specifying both the shift-in / shift-out mode and 
self-test mode can be assigned in advance as command register mode codes. 

[0034] 

(Operation of the Invention) 

In the BIST circuit of the first invention described above, by suitably setting the state of 
external input pin 7, when unknown state data is read out from a scan bus 2, the unknown 
state data can be masked by logic gate 6, and the compressed data in data compactor 4 is 
prevented from assuming undefined values. (Claim 1) 



[0035] 

Further, when patterns for data read-out from scan busses 2 ocurr as the same kind of 
pattern in sequence, that pattern and a repetition count can be used as a compact data 
description (Claim 2). Further, by supplying the mode-switch signal from external input 
pin 7 to logic gate 6, during initialization of internal storage components etc in internal 
circuit 1, by means of changing the mode-switch signal from external input pin 7 to scan 
mode, output data from scan busses 2 to data compressor 4 is masked in logic circuit 6, 
and the initial values of data compactor 4 can be preserved, and during the initialization 
of internal circuit 1 , the contents of data compactor 4 can be prevented from being 
destroyed (Claim 3). 

[0036] 

In addition, during initialization of internal circuit 1, by blocking input of the clock signal 
to data compactor 4 with a blocking means and thereby stopping propagation of the clock 
signal to data compactor 4, the contents of data compactor 4 can be preserved, and the 
destruction of data compactor 4 contents can thus be prevented during initialization of 
internal circuit 1 (Claim 4). In the above-described BIST circuit of the second invention , 
when switching selectors 8 are set to the input from the pattern generator by means of a 
mode-switch signal from external input pin 7, self-tests are carried out, but during this 
self-testing, if selectors 8 are switched back to scan-in pins 5 by means of a mode-switch 
signal from external input pin 7, arbitrarily determined values are fed into scan busses 2 
from scan-in-pins 5. Thus, a part of test patterns relayed from pattern generator 3 to each 
scan bus 2 can be modified to arbitrary values (Claim 5). 



[0037] 

Moreover, when pattern data to be written to scan busses 2 successively forms the same 
type of pattern, it can be described compactly using that pattern and a repetition index 
(Claim 6). In the above-described BIST circuit of the third invention , when switching 
selectors 8 are set to the input from the pattern generator by means of a mode-switch 
signal from external input pin 7, self-tests are carried out, but during this self-testing, if 
selectors 8 are switched back to scan-in pins 5 by means of a mode-switch signal from 
external input pin 7, arbitrarily determined values are fed into scan busses 2 from scan-in- 
pins 5. Thus, a part of test patterns relayed from pattern generator 3 to each scan bus 2 
can be modified to arbitrary values. 

[0038] 

On the other hand, by appropriately setting the state variable of scan-in pin 5 during self- 
test mode, unknown state data read in from scan bus 2 can be masked at logic gates 6, 
and compressed data in data compactor 4 can be prevented from assuming unknown 
states. Moreover, during initialization of internal memory storage and other components 
of internal circuit 1, by changing the mode-switch signal from external input pin 7 to scan 
mode, the output data from scan busses 2 to data compactor 4 is masked in logic gate 6, 
and the initial values of data compactor 4 can be preserved and the destruction of data 
compactor 4 contents can be prevented during initialization of internal circuit 1 (Claim 7). 



[0039] 



Furthermore, when patterns for data read-out from scan busses 2 and patterns for data 
output to scan busses 2 of the same kind occur in sequence, that pattern and its repetition 
index can be used as a compact data description (Claims 8, 9). In addition, during 
initialization of internal circuit 1, by blocking input of the clock signal to data compactor 
4 with a blocking signal and thereby stopping propagation of the clock signal to data 
compactor 4, the contents of data compactor 4 can be preserved, and the destruction of 
data compactor 4 contents can thus be prevented during initialization of internal circuit 1 
(Claim 10). 

[0040] 

Further, by having a scan chain comprising pattern generator 3 and data compactor 4 as 
one chain in a boundary scan, and by means of a design in which an instuction code for 
signaling shift-in / shift-out and BIST modes of that scan chain is designated in advance 
as an instruction register mode code, the present invention can be applied in a boundary 
scan circuit (Claim 1 1). 

[0041] 

[Preferred embodiments] 

Below, some preferred embodiments of the present invention are explained with 
reference to the diagrams. Fig. 4 is a block diagram showing the composition of a BIST 
which is a preferred embodiment of the present invention. In Fig 4, circuit 10 is the LSI 
(or other) circuit of the present preferred embodiment, and 1 1, being an internal circuit of 
set functionality in circuit 10, is composed of multiple circuit components like flip-flops. 



[0042] 

Further, in order to make possible self-testing of internal circuit 11, multiple (in the 
diagram, three) scan busses 12A-12C are pre-formed on circuit 10, and each scan bus 
12A-12C connects multiple (in the diagram, five) flip-flops 101 in a chain configuration. 
Also on circuit 10, in addition to supplying as external input pins scan-in pins (SI pins) 
15A-15B for sending test data (test patterns) to each scan bus 12A-12C, scan-out-pins 
(SO pins) 19A-19C for shifting out output data from each scan bus 12A-12C and a scan- 
clock pin (SCK pin) 20 which inputs the clock signal for driving circuit 10, a BE (BIST 
Enable) pin 1 7 is also supplied as an external input pin to input the mode-switch signal 
for performing the switch between a scan bus 12A-12C scanning mode and a self-test 
(BIST) mode. Furthermore, the clock signal input from SCK pin 20 is input into the 
clock terminal of every flip flop 101 on circuit 10. 

[0043] 

Additionally, 13 is the LFSR (pattern generator) built into circuit 10 that produces test 
patterns to be input into each scan bus 12A-12C, and 14 is the MISR (data compactor) 
built into circuit 10 that compresses and stores the output data of each scan bus 12A-12C. 
Here, LFSR 13 and MISR 14 comprise multiple shift registers 22 with feedback via 
multiple XOR gates 21 , as shown in Figs 5 and 6, The clock signal from SCK pin 20 
drives shift registers 22 to perform shifts. Also, as shown in Fig 4, LFSR 13 is connected 
to scan-in pin (SI pin) 15, and MISR 14 is connected to scan-out pin (SO pin) 19 [sic: in 
Fig 6, SO pins are 16]. 



[0044] 

Meanwhile, as shown in Figs 4 and 5, the output lines of each scan bus 12A-12C are 
connected to SO pins 19A-19C, and also to XOR gates 21 in MISR 14 via their 
respective AND gates 16A-16C. Each AND gate 16A-16C receives as input the output 
of its respective scan bus 12A-12C, the input signal from the SI pin 15A-15C of that bus 
12A-12C, and the mode-switch signal from BE pin 17 (which is set to "0" during scan 
mode and to "1" during self-test mode). The logical conjunction of these is input into 
XOR gates 21 in MISR 14. 

[0045] 

Also, as shown in Figs 4 and 6, the input line of each scan bus 12A-12C is connected to 
SI pins 15A-15C via their respective selectors 18A-18C, and also to LFSR 13. In 
response to the mode-switch signal, selectors 18A-18C switch the input of scan busses 
12A-12C either to SI pins 15A-15C, or to the LFSR 13 test patterns. In short, when the 
mode-switch signal from BE pin 17 is set to scan mode, each selector 18A-18C routes 
[data from] each SI pin 15A-15C into its respective scan bus 12A-12C, but when it is set 
to BIST mode, the test patterns from LFSR 13 are fed into the scan busses. 

[0046] 

In the BIST circuit of the present invention, by means of the above design, by setting the 
mode-switch signal of BE pin 17 to off ("0"), in addition to selectors 18A-18C switching 



to the SI pins 15A-15C, the output from each AND gate 16A-16C to MISR 14 is set to 
"0," and the scan operation is carried out in scan busses 12A-12C of circuit 10. 

[0047] 

In other words, during scan mode, flip-flops 101 on each scan bus 12A-12C act as shift 
registers, and driven by the clock signal supplied by SCK pin 20, the values assigned to 
each SI pin 1 5A-1 5C are shifted via selectors 1 8A-1 8C in order into the following flip- 
flop 101 of each scan bus 12A-12C. At the same time, the values of flip-flops 101 on 
each scan bus 12A-12C are shifted out in order into the respective SO pin 19A-19C. 

[0048] 

On the other hand, by setting the mode-switch signal of BE pin 17 to on ("1"), the BIST 
operation is carried out for each scan bus 12A-12C on circuit 10, where in addition to 
each selector 18A-18C switching to LFSR 13, the output from each AND gate 16A-16C 
to MISR 14 is the logical conjunction of the output data from the scan bus 12A-12C and 
the input data from the SI pin 15A-15C corresponding to each scan bus 12A-12C. 

[0049] 

In other words, during BIST mode, LFSR 13 generates pseudo-random numbers which 
are fed through flip-flops 101 on scan busses 12A-12C. Flipflops 101 on scan busses 
12A-12C work as shift registers. Driven by the clock signal supplied via SCK pin 20, the 
values fed into scan busses 12A-12C are shifted in order into the following flipflip 101 
via selectors 1 8A-1 8C. 



[0050] 

Also, at the same time, the values of flip-flops 101 on each scan bus 12A-12C (output 
data) are shifted out in order, and once the logical conjunction of [said values] and of the 
input data from SI pins 15A-15C corresponding to each scan bus 12A-12C is computed 
by AND gates 16a-16C, it is compressed and stored in MISR 14. Finally, by reading out 
the data compressed and stored in MISR 14 from SO pin 19, a fault analysis of LSI 
circuit 10 can be carried out. 

[0051] 

At this time, in typical ATPG (Automatic Test Pattern Generation) system, it is not 
necessary to initialize all internal memory, and in some cases unknown states may appear 
in the output data from scan busses 12 A- 12C. As shown in Fig 5, MISR 14 is composed 
of feedback shift registers 22, and output data from each scan bus 12A-12C passes 
through XOR gates 21 and is compressed in shift registers 22 in MISR 14. However, as 
mentioned above, when an unknown state appears in the output data from scan busses 
12A-12C, since XOR gates 21 are used, the unknown state is read into shift registers 22 
without modification, and moreover, because of the feedback loop present, once one shift 
register 22 is of unknown state, all shift registers 22 will end up in unknown state. 

[0052] 

At this point, in BIST mode of the present preferred embodiment as shown in Figs 4 and 
5, the output data from each scan bus 12A-12C is not fed directly into MISR 14: By 



means of AND gates 16A-16C, the logical conjunction is computed of the output data 
from each scan bus 12A-12C and the input data from the SI pin 15A-15C corresponding 
to each scan bus 1 2 A- 1 2C, and only then output to MISR 14. 

[0053] 

In other words, in the present preferred embodiment, when output data from scan busses 
12A-12C is of unknown state, by setting values (input data) from the SI pin 15A-15C 
corresponding to each scan bus 12A-12C to "0," the value output to MISR 14 from the 
corresponding AND gate 16A-16C is also set to "0," so any unknown state data from 
scan busses 12A-12C output to MISR 14 is masked by AND gates 16A-16C. 

[0054] 

In this way, by appropriately setting the state values of SI pins 15A-15C, when unknown 
state data is read out from scan bus 12A-12C, that undefined state data can be masked by 
AND gates 16A-16C, and the compressed data in MISR 14 is reliably prevented from 
assuming unknown values. As a concrete example, given the scan-out data shown in Fig 
8, an example will be explained of the construction of a test pattern according to the 
present invention in which unknown state data (in Fig 8 "U (Unknown)" ) is not read into 
MISR 14. 

[0055] 

Figs 9 through 1 1 all show examples of read-out pattern descriptions (test data) that refer 
to the scan-out data shown in Fig 8 and are based on the scan circuit shown in Fig 1 7, the 



BIST circuit shown in Fig 18, and the circuit of the present preferred embodiment shown 
in Fig 4 (Fig 5). In Figs 9 through 1 1, "N" refers to a negative pulse clock signal input 
from the SCK pin, and "X," as data output from the SO pin, signifies output not of 
unknown state, i.e. "1 " or "0." 

[0056] 

In the scan circuit, as many pattern descriptors are required as there are flip flops to be 
scanned, so for the scan-out data in Fig 8, the test data description requires 12 lines, as 
shown in Fig 9. Because the number of flip flops on one scan bus on a large scale LSI 
circuit [sic] is extremely large, its test data becomes enormous. 

[0057] 

As shown in Fig 10, by using the repetition tags REPEAT (begin repeat) and REPEND 
(end repeat) in a BIST circuit, the scan-out data shown in Fig 8 can be described in 3 
lines of test data. Moreover, the pattern enclosed by the repeat markers REPEAT and 
REPEND is only repeated the number of times designated after the repetition tag 
REPEAT. However, as described above, when processing the scan-out data shown in Fig 
8 with this kind of data description, the unknown value "U" is read into MI SR 14 and 
[this data description] can't be used as test data. 

[0058] 

In contrast, in the circuit of the present preferred embodiment, as shown in Fig 1 1, by 
utilizing the previously discussed repetition tags, a test data description corresponding to 



the scan out data shown in Fig 8 is possible in seven rows, smaller than that of the scan 
circuit [test data description] shown in Fig 9. In reality, some pattern for external output 
in MISR 14 of the compressed data is necessary, but compared with the scan-out pattern 
(of several to several thousand flip-flops), [the size of this scan-out pattern] is negligible. 

[0059] 

In the scan-out data shown in Fig 8, because the fifth value output from scan busses 12A- 
12C is undefined value "U," in the fifth pattern, by setting the state value of the 
corresponding SI pin 1 5 A- 1 5C to "0," the value from AND gates 1 6A- 1 6C to MISR 1 4 is 
u 0," and the undefined value "U" from scan bus 12A-12C is masked by the 
corresponding AND gate 16A-16C. Because no values except the fifth are undefined, 
each state variable of SI pins 15A-15C is set to "1," and the output data of scan bus 12A- 
12C is input to MISR 14. Then, as shown in Fig 1 1, the identical patterns (1st - 4th and 
6th - 1 2th values) can be grouped together using the repetition tags. 

[0060] 

Summarily, as described above with reference to Fig 6, LFSR 13 is composed of 
feedback shift registers 22. Their output (the test pattern) and the input data from each 
external SI pin 15A-15C are input to scan busses 12A-12C via selectors 18A-18C. When 
BE pin 17 is set to off ("0"), the values from each SI pin 15A-15C are selected by 
selectors 18A-18C and are shifted into scan busses 12A-12C. When BE pin 17 is set to 
on ("1"), the output of LFSR 13 is selected by selectors 18A-18C and shifted into scan 
busses 12A-12C. 



[0061] 

Normally BE pin 17 is set to "1" and output from LFSR 13 is shifted in, but when one 
wants to clip a certain flip-flop on scan busses 12A-12C, or set that flip-flop to a 
particular value, BE pin 17 is set to off "0," and the desired data can be shifted into each 
SI pin 15A-15C. 

[0062] 

In ATPG, test patterns are created for detecting certain kinds of faults found in internal 
LSI circuits test. Practically, in order to detect these faults, there is little external input 
that needs to be set, there are few flip-flops that are the object of scans; the rest may be 
straightforwardly set to the pseudorandom numbers generated on the BIST circuit. Using 
the circuits shown in Figs 4 and 6, by appropriately switching between scan mode and 
BIST mode, this kind of test pattern can be produced. Further, by means of the 
previously described repetition tags, because BIST mode test data description is small, 
the entire test data volume can be greatly reduced. 

[0063] 

Here, as a concrete example, an example of the generation of test patterns in which scan- 
in data like that shown in Fig 12 is set to the flip-flops on the scan busses will be 
explained. Further, in Fig 12, "DF'and "D0"are values determined by ATPG and are set 
to either "0" or "1." However, the other spaces shown as "0"s and "l"s may be 
straightforwardly replaced with random numbers. 



[0064] 

Further, Figs 13-15 each show examples of data descriptions of data write-in patterns 
corresponding to the scan-in data shown in Fig 12, and based on the scan circuit shown in 
Fig 1 7, the BIST circuit shown in Fig 1 8 and the preferred present embodiment circuit 
shown in Fig 4 (Fig 6). As shown in Fig 1 3, because the same number of pattern 
descriptions are needed as there are flip-flops on the scan circuit to be scanned, the test 
data for the scan-in data shown in Fig 12 takes up 12 rows. In this case, by writing in the 
data in order, specific values "DO(0)" and "Dl(l)" can be set for specific flip-flops, but 
in large scale LSI chips, because the number of flip-flops on one scan bus is extremely 
large, its test data becomes tremendously large. 

[0065] 

As shown in Fig 14, in a BIST circuit, by means of using the repetition tags (REPEAT 
and REPEND), the test data corresponding to the scan-in data shown in Fig 12 can be 
described in 3 rows. The function of repetition tags "REPEAT" and "REPEND" is the 
same as previously described for Fig 10. However, in this kind of data description, as 
shown in Fig 12, setting specific values "D0(0)"and "Dl(l)" to specific flip-flops is not 
possible and because only pseudo-random numbers generated by LFSR 13 are set, and 
the sought- for faults may not be able to be found. 

[0066] 

In contrast, in the circuit of the present invention as shown in Fig 15, by means of the 
above-described repetition tags, a test data description of the scan data shown in Fig 12 is 



possible with 8 rows, fewer than the case of the scan circuit shown in Fig 13. In the scan- 
in data shown in Fig 12, because the data of the 4 th flip-flop must be forced to 0 and the 
5 th to 1, when the 4 th and 5 th data items are shifted in, BE pin 17 is set to OFF "0," and 
selectors 18A - 18C are switched to data from SI pins 15A - 15C. The values "1" or "0" 
set by SI pins 15A - 15C are then shifted into scan busses 12A - 12C in order. 

[0067] 

Because random values can be shifted into the other spaces, BE pin 17 is normally set to 
ON "1" and selectors 18A - 18C are switched to LFSR 13, the output values from which 
(pseudorandom numbers) are shifted into scan busses 12A - 12C. Then, identical 
patterns (1 st - 3 rd , 6 th - 12 th ) can be grouped together using the repetition tags, as shown 
in Fig 15. 

[0068] 

In this way, during BIST mode, selectors 18A - 18C are switched to SI pins 15A - 15C 
by means of the mode-switch signal from BE pin 1 7, and by means of supplying the 
arbitrarily set data from SI pins 15A - 15C and writing it into scan busses 12A - 12C, a 
part of the test pattern supplied from LFSR 13 to scan busses 12A - 12C can be modified 
to an arbitrary value. 

[0069] 

On the other hand, because some internal memory elements of the LSI internal memory 
elements [sic] in internal circuit 1 1 of (LSI) circuit 10 are of indefinite state at power-up, 



internal memory element state initialization is carries out before BIST testing. At that 
time, in MISR 14, at every clock signal shift register 22 carried out a shift and its 
contents are updated; the update is carried out even when the patterns for the initialization 
of internal memory elements are being applied. This problem must be dealt with, and as 
described above, an ATPG program has to monitor the contest of MISR 14, which is a 
vexatious process. 

[0070] 

At this point, in the present invention, as shown in Figs 4 and 5, BE pin 17 together with 
SI pins 15A - 15C and the output data from scan busses 12 A - 12C is input to AND 
gates 16AC, and the logical product of these is output to shift registers 22 of MISR 14. 
In this way, if all shift registers 22 of MISR 14 are initialized to "0," either be setting the 
mode-switch signal to BE pin 17 to OFF "0," or by setting all the input data to SI pins 
15A - 15C to "0," the contents of all shift registers 22 in MISR 14 can be kept at "0". 

[0071] 

When in system mode as a normal circuit 10 or in scan mode, because mode-switch 
signal input to BE pin 17 is set to OFF "0," the contents of shift registers 22 of MISR 14 
are kept at "0." Further, even in BIST mode, by setting to u 0" all data input from unused 
SI pins 15A - 15C, the contents of shift registers 22 in MISR 14 are kept to "0". 



[0072] 



Further, during initialization preceding BIST testing, by keeping the mode-switch signal 
to BE pin 17 to OFF "0", the contents of shift registers 22 in MIST 14 are kept at "0." 
Consequently, particularly during pre-BIST mode initialization, data output from scan 
busses 12A - 12C to MISR 14 is masked in AND gates 16 AC, and so the initial values of 
MISR 14 can be preserved, and MISR 14 contents are reliably prevented from being 
destroyed. 

[0073] 

Further, in Fig 7 is shown an example of another means for preserving the contents of 
shift registers 22 of MISR 22 during initialization of (internal memory elements of) 
internal circuit 1 1. In Figs 4 and 5, the mode-switch signal from BE pin 17 was input to 
AND gates 16 AC, but in Fig 7, by means of providing a clock-signal stopping module (a 
blocking means) 25, content protection of shift registers 22 in MISR 14 can be attained 
during initialization. 

[0074] 

Namely, the clock-signal stopping module shown in Fig 7 comprises an inhibit pin (IH 
pin) 23 and an OR gate 24. Because IH pin 23 is provided as an external input pin to 
circuit 10, when the clock signal from SCK pin 20 is applied to shift registers 22 in MISR 
14 is stopped, the clock-stop signal input to IH pin 23 is switched from OFF "0" to ON 



[0075] 



Further OR gate 24 computes the logical sum of the clock signal from SCK pin 20 (which 
is provided as a negative pulse) and the clock-stop signal from IH pin 23 and applies the 
result to shift register 22 in MISR 14. In this way, independent of the contents of shift 
register 22 in MISR 14, by setting the clock-stop signal from IH pins 23 to ON "1", the 
clock signal from SCK pin 20 will not be applied to shift registers 22 in MISR 14. 

[0076] 

In consequence, updates (shifting) in shift registers 22 will not be carried out, and all 
values in shift registers 22 can be preserved from changes; also, by means of an 
arrangement like that shown in Fig 7, during pre-BIST initialization, destruction of the 
contents of MISR 14 can be reliably prevented. However, in the circuit arrangement 
shown in Fig 7, compared with inputting the mode-switching signal from BE pin 17 to 
AND gates 16 AC, one extra external input pin (IH pin 23) is necessary, this arrangement 
has the advantage of allowing preservation of any designated values in MISR 14. 

[0077] 

Incidentally, in the examples described above using Figs 4-15, the present invention 
was explained as applicable to a general scanning method. However, as shown in Fig 16, 
it is also applicable to the boundary scan method. In the boundary scan method, a 
boundary scan cell is positioned between the on-circuit external input pins and the 
internal circuit; all of these are connected and they form a boundary scan chain that 
extends from the test-data-in pin (TDI pin) to the test-data-out pin (TDO pin). Each 
boundary scan cell in this boundary scan chain is controllable and observable. 



[0078] 

In Fig 16, 30 is a boundary scan LSI circuit, and on this boundary scan LSI chip 30 are 
formed the above described boundary scan chain 31 A and two internal boundary scan 
chains 31B and 31C. Next, in boundary scan LSI circuit 30, as shown in Fig 16, these 
scan chains (scan busses) 31 A - 31C replace scan busses 12A - 12C shown in Figs 4-7. 
However, in boundary scan LSI circuit 30 shown in Fig 16, in addition to providing TDI 
pin 32 to replace SI pin 15 A, TDO pin 33 is provided to replace SO pin 19A. Further, in 
Fig 16, LFSR 13, MISR 14, AND gates 16AC, BE pin 17 and selectors 18A - 18C 
function in precisely the same way as previously described for Figs 4-7. 

[0079] 

Further, in Fig 16, 34 is a test-clock pin (TCK pin) that inputs a test-clock signal for 
boundary scanning, 35 is a test-mode-select pin (TMS in) that inputs a selection signal 
for selecting a boundary scanning test mode, and 36 is a test access port (TAP) circuit 
which functions according to the selection signal from TMS pin 35 and is synchronized 
to the test-clock signal from TCK pin 34. TAP circuit 36 is for accessing each test 
module on boundary scan LSI chip 30 and controlling the boundary scanning. 

[0080] 

Furthermore, 37 is a bypass register for bypassing boundary scan circuit 31 A between 
TDI pin 32 and TDO pin 33, 38 is a command register for holding a command code 
corresponding to each control signal from the TAP circuit, and 39 is a multiplexer. 



Multiplexer 39 behaves in accordance with the command code from command register 38 
and multiplexes scan-out data from boundary scan circuit 31 A and MISR 14 and data 
from bypass register 37, outputting it to TDO pin 33. 

[0081] 

Further, the following structural components are general to the boundary scan method: 
boundary scan chain 31 A, TDI pin 32, TDO pin 33, TCK pin 34, TMS pin 35, TAP 
circuit 36, bypass register 37, command register 38, and multiplexer 39. In the boundary 
scan method, a command register 38 mode code must be assigned to each kind of test 
mode. The command code for specifying BIST mode is assigned in advance as a unique 
command register 38 mode code, and when this code is applied, the BIST circuit (LFSR 
13, MISR 14 etc) is activated by applying the test-clock signal from TCK pin 34,. 

[0082] 

Further, the scan chain consisting of LFSR 13 and MISR 14 is treated as one boundary 
scan chain, and the command code for specifying scan chain shift-in / shift-out mode is 
assigned in advance as a unique command register 38 mode code. In the boundary scan 
LSI chip arrangement described above, test data construction is shown below: 

[0083] 

(1) Initialization of TAP circuit 36 

(2) Selection of LFSR 13 / MISR 14 (setting command code) 

(3) Initialization of LFSR 13 / MISR 14 



(4) Selection of BIST circuit (setting command code) 

(5) BIST circuit functioning (shifting from LFSR 13 into boundary scan circuit 31 A / 
internal scan chains 3 1 B and 3 1 C) 

[0084] 

(6) Application of system clock (test-clock) signal 

(7) BIST circuit functioning (data compression from boundary scan circuit 31 A / internal 
scan chains 3 IB and 3 1C to MISR 14) 

(8) Selection of LFSR 14 / MISR 14 (setting command code) 

(9) Data read-out from MISR 14 

[0085] 

Further, in the above items 5 and 7, in which BIST circuit functioning is performed, the 
test data is described in the same way as shown in Figs 1 1 and 15. For the present 
invention as a circuit (LSI 30) using the boundary scan method as described above, 
efficient test patterns can be produced with few test data descriptions in the same way as 
was done for LSI circuits using general scanning. 

[0086] 

Thus, by means of the present preferred embodiment of the present invention, reading 
into MISR 14 of indeterminate state data and destruction of MISR 14 contents during 
initialization are prevented, and BIST testing can be easily and reliably carried out. 
Further, by combining scan and BIST modes and by adding a few gates (AND gates 16A 



- 16C etc), it is possible to generate extremely compact, efficient and versatile test data, 
which has the advantages of increasing BIST testing efficiency and greatly reducing 
computing resources and design costs during circuit design of LSI or other chips. 

[0087] 

Conventionally, LFSR 13 output patterns were applied without modification to an 
internal circuit, but in the present preferred embodiment, as described above, by means of 
combining scan and BIST modes and switching between LFSR 13 output data and input 
data from SI pins 15A - 15C etc with selectors 18A - 18C, values applied to a specific 
circuit in internal circuit 1 1 can be arbitrarily modified. 

[0088] 

In the above-described preferred embodiment, the specific case of using MISR 14 as a 
data compactor for LSI (circuits 10, 30) expected-output analysis by means of BIST was 
explained. However, the present invention, not limited to that case, can also be applied to 
analysis methods other than MISR, for example 1) Transition Count Method (which 
analyzes the number of transitions from "1" to "0" and from "0" to "1"), or 2) Syndrome 
Method (1 's counting: method analyzing the number of 'T"s appearing in the output). 

[0089] 

[Effect of the invention] 

As described in detail above, by means of the BIST circuit of the present invention, when 
unknown state data is scanned into the data compactor, the compressed data in the data 



compactor is reliably prevented from assuming unknown states, and self-tests can be 
reliably carried out (Claims 1,7). 

[0090] 

Further, during internal circuit initialization, data in the data compactor can be preserved, 
the contents of data compactor can be reliably prevented from being destroyed, and 
there's no need for vexatious monitoring of data compactor contents, so that self-tests can 
be carried out simply (Claims 3, 4, 7, 10). Moreover, by combining a scan mode and a 
self-test mode, apart from being able to change parts of the test pattern from pattern 
generator 3 fed to each scan bus 2 to arbitrary values (Claims 5, 7), compact, efficient 
and versatile data can be created (Claims 2, 6, 8, 9), so that self-tests become more 
efficient, and computer resources and design costs can be greatly reduced during design 
of LSI and other circuits. 

[0091] 

Moreover, in addition, [the invention] can also be adapted to circuits using the boundary 
scan method, and in this case, too, the same effects as described above can be obtained 
(Claim 11). 



[01 6] 



(SB 1 8] 



Block diagram showing an example in which the present invention oi 
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Block diagram showing a conventional BIST-typo circuit 





it W 



Figi 

Schematic block diagram of 1st invention 
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Schematic block diagram of 2nd invention 
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